Abstract: Many studies have investigated the accuracy of the numerical parameters in the application of the quasi steady-state calculation method. The aim of this study is to derive the reference numerical parameters of the ISO 13790 monthly method by reflecting the surface-to-volume (S/V) ratio and the characteristics of the structures. The calculation process was established, and the parameters necessary to derive the reference numerical parameters were calculated based on the input data prepared for the established calculation processes. The reference numerical parameters were then derived through regression analyses of the calculated parameters and the time constant. The parameters obtained from an apartment building and the parameters of the international standard were both applied to the Passive House Planning Package (PHPP) and EnergyPlus programs, and the results were analyzed in order to evaluate the validity of the results. The analysis revealed that the calculation results based on the parameters derived from this study yielded lower error rates than those based on the default parameters in ISO 13790. However, the differences were shown to be negligible in the case of high heat capacity.
Introduction
In response to extreme weather conditions generated by greenhouse gases, many global efforts are currently underway to reduce the energy consumption in buildings. Because of the long life cycle of buildings compared to other sectors and due to the difficulty in modifying the design once construction begins, it is necessary to carry out a quantitative analysis at the design stage by considering the items affecting the building's energy performance. The energy performance of a building is analyzed via simulations using static or dynamic methods. In static methods, energy is analyzed under the assumption that temperature is in a steady state regardless of time flow. Although the analytic process of the static methods is simple, high accuracy cannot be expected. In dynamic methods, on the contrary, timedependent temperature changes are reflected in the analysis, i.e., the energy of a building is analyzed in an unsteady state. While the dynamic analysis can produce more precise performance analysis than a static analysis, its drawback is that only a small number of experts can perform such an analysis, because of the difficulty associated with program application.
ISO 13790 [1] is an international standard that specifies methods of analyzing energy, which reflects the dynamic properties of a building under the steady-state condition. The standard involves a simple calculation process of deriving relatively accurate performance analysis results, and thus, it enables more convenient energy performance analysis than simulation tools. Many countries have established ISO 13790-based standard references, including SAP (Standard Assessment Procedure) [2] in the United Kingdom, PN ISO EN 13790 in Poland, the National Building Code [3] in Finland, KENAK (Κανονισμοσ Ενεργειακησ Αποδοσησ Κτιριων) [4] in Greece and NS 3031 [5] in Norway. Programs, such as PHPP [6] , have also been developed. In South Korea, programs, e.g., ECO2 [7] , CE3 (Construction Energy-Efficiency-Evaluation) [8] and BESS (Building Energy Simulation for Seoul) [9] , based on ISO 13790, have been developed and are being used in building energy rating systems and in the calculation of the total energy consumption of buildings. According to ISO 13790, the energy performance of buildings is calculated by applying the reference numerical parameters (α0, τ0). If a country does not have specified reference numerical parameters, default values (α0 = 1, τ0 = 15) proposed in ISO 13790 are used. Most Korean programs based on the algorithm of ISO 13790 apply the values of α0 = 1 and τ0 = 15. These values, however, do not reflect the local climatic conditions and the characteristic features of buildings, and many studies [10] [11] [12] [13] [14] [15] have been conducted to determine the reference numerical parameters appropriate for an individual country. Jokisalo et al. [10] determined the reference numerical parameter values appropriate for the climate in Finland. Panek et al. [11] classified parameters suitable for the Polish climate into light-weight or heavy-weight buildings. Le Dreau et al. [12] classified Danish climatic conditions into the heating season and cooling season and obtained the values of α0 = 2.87, τ0 = 47 and α0 = 2.79, τ0 = 35, respectively. Corrado et al. [13] applied both reference numerical parameters and the window-to-wall ratio (ξ), which is a design factor of a building, to the Italian climatic conditions. The results in all of the different countries confirm that reference numerical parameters derived in each country can vary widely and that country-specific reference numerical parameters can also be obtained by additionally considering the design factors of buildings.
The aim of this study is to derive the reference numerical parameters by applying the surface-to-volume (S/V) ratio to the envelope area, which is a design factor for buildings, and the characteristic features of the building structure. First, a theoretical equation related to the monthly method of ISO 13790 was reviewed to understand the concept of the reference numerical parameters and to obtain the reference numerical values and a coefficient of the S/V ratio. To develop a method for deriving the reference numerical parameters, the basic calculation system and the range of the reference numerical parameters were established by examining the calculation processes proposed in existing international standards and studies. On the basis of the established basic calculation system and range, we established a five-stage calculation process. Input data required for each process were prepared by analyzing the main input conditions specified by the analytic tools according to the calculation process. Using these data, the variables needed to find the reference numerical parameters and the coefficient of the S/V ratio were calculated, followed by regression analysis on the calculated variables. In addition, the validity of the parameters, which were derived by using an actual building reflecting the characteristics of apartment buildings as a target building, was evaluated by comparing the error rates of the results calculated with a quasi-steady-state program and a dynamic program with those of the results calculated by applying the international standard values.
Review of Previous Studies on the Reference Numerical Parameters in ISO 13790

Processes of Calculating Gain and Loss Utilization Factor
The gain and loss utilization factor can have different meanings depending on the season, e.g., heating or cooling. The gain utilization factor refers to the degree of utilizing the total heat gain to reduce the total heat loss, whereas the loss utilization factor refers to the degree of utilizing the total heat loss to reduce the total heat gain. In other words, the gain utilization factor is a coefficient used to prevent energy demand from being overestimated by reflecting the effects of overheating on the calculation of the energy needed for heating. The loss utilization factor relates to the utilization of total heat transfer through an envelope and ventilation to reduce the energy need for cooling during the cooling season. The unused heat transfer is generated at night, which leads to the calculation of the excessive energy needed for cooling, because it is reflected in the process of calculating the energy needed for cooling, although it does not affect the energy needed for cooling in the daytime. The loss utilization factor is used as a coefficient to prevent this overestimation of cooling energy. The reference numerical parameters and the time constant during the heating and cooling seasons are defined by Equations (1)- (10) , and the values indicated in Table 1 are applied when country-specific values are absent. The time constant, which indicates the thermal inertia of building structures, is calculated using the heat capacity directly acting on the interior, the heat transfer coefficient by transmission and the heat transfer coefficient by ventilation among the factors acting on the air-conditioning space.
In Equation (12), Cm denotes the heat capacity of the building elements. The effective thickness, dT, in this context means the minimum value among half of the total thickness of the component, the thickness of materials between the surface of interest and the first thermal insulating layer and a maximum effective thickness of 0.1 m for a one-day period of the variation as specified in the simplified calculation of the heat capacity of ISO 13786 Annex A [16] . When all of the elements, such as internal walls, are included in the internal space, the maximum effective thickness equals the total thickness between the two surfaces of the wall.
Review of Previous Studies on Deriving the Reference Numerical Parameters
Jokisalo et al. [10] proposed α0 = 2, and τ0 = 10 as the reference numerical parameter values appropriate for Finnish climatic conditions. They also calculated the energy needed for heating by applying the derived values and the international standard value to the EN 13790 calculation process, and they compared the calculated results with the results of the IDA Indoor Climate and Energy (ICE) simulation. It was shown that the calculation results applying the international standard value were 40% different compared to the IDA ICE simulation; while the calculation results applying the derived parameter results were only 7% different.
Corrado et al. [13] proposed the reference numerical parameters of ISO 13790 appropriate for the Italian climate in two categories depending on whether the window-to-wall ratio is considered or not. In this study, parameters were derived by calculating the variables required for calculating the loss utilization ratio using the dynamic simulation program targeting detached houses, apartment buildings and office buildings, followed by deriving the reference numerical parameters of the loss utilization ratio through regression analysis. Furthermore, in order to additionally apply the coefficient of the window-to-wall ratio, a CEN-standard office building with a different window-to-wall ratio was selected, and multiple regression analysis was performed. The values of the reference numerical parameters and the coefficient of the window-to-wall ratio obtained through the process described above are α0 = 8.1, τ0 = 17 and −13, respectively. It was stated in this study that highly reliable results can be obtained even through a quasi-steady-state method if the reference numerical parameter is determined precisely. It was proposed that it is necessary to investigate thermal effects between air-conditioning systems and buildings and to evaluate the average efficiency of other components in order to apply this method to calculate the main energy demand.
Panek et al. [11] derived the reference numerical parameters of lightweight and heavyweight apartments appropriate for Polish climatic conditions as α0 = 2, τ0 = 54 and α0 = 2, τ0 = 50, respectively. The results of calculating the heating and cooling energy consumption applying the derived parameters were compared with the results obtained using the TRNSYS program to evaluate the validity of the derived parameters. As a result, the error rates of the results of calculating the energy consumption applying the derived parameters and the TRNSYS program were 4.6% during the heating season and 2.4% during the cooling season, showing that the error rates concerning the heating and cooling energy consumption increased by 1.1% and decreased by 5.7%, respectively, compared with those calculated by applying the values specified by the international standards. With regards to heavyweight apartment buildings, error rates of 3.4% and 1.7% occurred during the heating and cooling seasons, respectively, showing that the error rates in the heating and cooling energy consumption increased by 0.4% and decreased by 10.8% respectively, compared with those of the results calculated applying the values specified by the international standards. These results verify that the error rates for calculating the cooling energy consumption decreased when the derived parameters were applied.
Le Dreau et al. [12] determined the reference numerical parameter values and the coefficient of the window-to-wall ratio appropriate for the Danish climate to be α0 = 2.87 and τ0 = 47 for the heating season and α0 = 2.79, τ0 = 35 and ξ0 = 2.69 for the cooling season, respectively. They also compared the error rates of calculation results obtained by applying the derived parameters and the dynamic-state program with those obtained by applying the parameters specified in the international standards. The comparison results confirmed that the error rates of the former increased by 0.7% during the heating season and decreased by 4.3% during the cooling season compared with those of the latter, thus demonstrating that the error rate during the cooling season can be reduced by applying the derived parameter. Light-weight, medium-weight and heavy-weight office buildings
Establishment of Input Variables to Calculate the Reference Numerical Parameters
Model Building
The basic calculation system and range of the reference numerical parameters were established by examining the methods of calculating the reference numerical parameters proposed in the international standard of ISO 13790 and in the studies [10] [11] [12] [13] [14] [15] 17] . Based on the basic calculation system, the reference numerical parameters were calculated in three steps: (i) preparation of the same meteorological data; (ii) derivation of the reference numerical parameters; and (iii) evaluation of validity.
A model building was chosen to calculate the reference numerical parameters considering heating and cooling energy performance that varies depending on the location of the target households in the apartment buildings. A building of two households consisting of two air-conditioning spaces and a core was defined as a unit module of the model building, and a virtual apartment house consisting of 12 households was established based on this unit module. Tables 3-5 summarize the key features of the model building and the material properties of the components of the heat transmission coefficient, and Figure 1 illustrates the unit module of the model building. 
Establishment of Input Data in the Analysis Program
EnergyPlus is a dynamic program used for comparison in this study, and PHPP was used as a calculation tool to derive the reference numerical parameters. The pre-set heating and cooling temperatures of the model building, conditions related to indoor heat values and operation schedules for room occupancy, lighting, electric devices and cooling and heating, were established on the basis of existing standards and previous studies. The pre-set heating and cooling temperatures of the model building were set based on the Building Design Code for Energy Saving [18] , and indoor heat values were determined in accordance with the standards of ASHRAE (American Society of Heating, Refrigerating and Air Conditioning Engineers) Fundamentals [19] . The number of occupants in the model building was set as four per household based on the area of the exclusive use space of the apartment buildings. The infiltration rate and the ventilation rate estimated in the previous study [20] were revised and used where necessary. The selected input data are listed in Table 6 . 
Derivation of Gain and Loss Utilization Factors and Validity Evaluation
Seoul, which represents a warm climate, was selected as the target region for the analysis. The data, which are in the epw file format, provided by the Korea Solar Energy Society, were used as meteorological data required for the analysis. Meteorological data are represented in an epw file format in the EnergyPlus program, which provides meteorological elements, such as dry-bulb temperature, dew point temperature, atmospheric pressure, horizontal global solar radiation, direct normal solar radiation and horizontal diffuse solar radiation for 8760 h. On the other hand, the PHPP program uses a method of directly inputting meteorological elements required for analysis instead of meteorological data of a certain file. Meteorological elements that should be defined in this program include monthly average dry-bulb temperature, dew point temperature, air temperature, earth temperature, horizontal global solar radiation and solar radiation on the vertical surfaces along certain directions, which are defined in the same way as shown in the epw file. The climate data for PHPP is illustrated in Figure 2 . 
Simulation Case
A case was constructed by increasing the density and specific heat of an internal wall at a steady rate to establish the parameters and time constant as variables of the reference numerical parameters. The density, specific heat and thickness are the elements that are applied to the calculation of the heat capacity of buildings. The thickness refers to the maximum effective thickness. However, when the heat capacity is calculated applying the maximum effective thickness, the heat capacity of external walls, roofs, floors and side walls, except internal walls, are always calculated equally, regardless of changes in material properties. For this reason, the variables of the reference numerical parameters cannot be established. Thus, the case was formed based on the material properties of internal walls that facilitate variable setting, as shown in Table 7 . Table 7 . Input data for the model building. S/V, surface-to-volume ratio. 
Calculation of Variables Related to the Reference Numerical Parameters
Using EnergyPlus in accordance with the calculation process for deriving the reference numerical parameters as specified in Tables 8 and 9 , we calculated the loss and gain amounts according to the placement types of the model building, the energy need, utilization factors and the heat-balance ratios depending on heating and cooling seasons. Table 8 . Input condition and output data for the reference numerical parameters. 
Heat-balance ratio , / , , / ,
Calculation of the Reference Numerical Parameters and the Time Constant
In Figure 3 , the reference numerical parameters are obtained as follows: the utilization factors and the heat-balance ratio during heating and cooling seasons, which are calculated above, are applied to Equations (2) and (7) to obtain the monthly reference numerical parameters. The average values of the monthly reference numerical parameters for the heating season (November to April) and of the cooling season (May to October) [21] are calculated separately and established as the reference numerical parameters of each case; the time constant is obtained by applying the heat capacity and heat transfer coefficient by transmission to Equation (11) . 
Derivation of the Reference Numerical Parameters through Regression Analysis
The reference numerical parameters were derived in the cases of considering and not considering the coefficient of the S/V ratio (β = 0 and β ≠ 0, respectively), followed by regression analysis of the parameter and time constant shown in Figure 3 . A regression equation was established based on the derived reference numerical parameters, as presented in Table 10 . As indicated in this table, the coefficient of determination of the regression equation is 0.9 or greater, showing a high goodness of fit of the regression equation. It is considered that the regression equation obtained in this study can be effectively used to estimate the reference numerical parameters of other apartment buildings. Table 10 . Regression equations of heating and cooling seasons with or without the S/V ratio. 
Validity Evaluation of the Reference Numerical Parameters
Key Features of the Target Apartment Buildings for Evaluation
The target apartment buildings for evaluation were defined in compliance with the standard house for evaluation, as specified in the Green Home Design and Performance Evaluation Guideline [22] . The target apartment was designed to have an expanded form, and its floor area and height were set to be 84 m 2 and 2.3 m, identical to those of the model building (Figure 4 ). The conditions of forming the envelope structure, windows and doors, as well as input conditions for analysis, in addition to the key features of the target apartment buildings for evaluation, were established to be identical to those of the aforementioned model building. In order to evaluate the validity of the reference numerical parameters depending on the heat capacity of the building, the placement of the target buildings for evaluation was divided into four types: 12X1, 6X2, 4X3 and 2X6. 
Calculation of Parameters during Heating and Cooling Seasons through the Regression Equation
When the coefficient of the S/V ratio is not applied, the reference numerical parameters derived are applied to the PHPP program. On the contrary, when the coefficient of the S/V ratio is applied, the S/V ratio, number of hours (constant number) and the derived reference numerical parameters are applied to the regression equation to calculate the parameters during heating and cooling seasons, followed by the application of the calculated values to the PHPP program. The parameters of regression equation considering the S/V ratio are listed in Table 11 . 
Analysis of Energy Demand and Error Rates Using the Analysis Program
To evaluate the validity of the derived reference numerical parameters, heating and cooling energy demands were calculated using EnergyPlus and PHPP, and error rates were analyzed to determine the degree of change in the calculation results depending on whether the derived parameters are applied or not. The evaluation results indicated that when the calculation was performed by applying the reference numerical parameters obtained in this study to all of the building placement types, the error rates were decreased with respect to the results of using EnergyPlus. The results of analyzing the extent of error rate reductions revealed that the error rates decreased, irrespective of whether or not the S/V ratio was applied, more in the cooling energy demand. That is considered to be due to the greater effects of the reference numerical parameters on the cooling energy demand than on the heating one. The extent of the error rate reduction according to the placement types of the building was the greatest in the 12X1 type, in which the heat capacity is the lowest regardless of the coefficient of the S/V ratio, and the lowest in the 2X6 type, which has the greatest heat capacity (Table 12 and Figure 5 ). 
Conclusions
The reference numerical parameters and the coefficient of the S/V ratio were obtained by reflecting the S/V ratio and the characteristics of the structures on apartment buildings.
The regression equation was established by additionally deriving the coefficient of the S/V on the envelope area, which is a design factor of buildings related to the energy performance of buildings, besides the reference numerical parameters, and distinguishing between the cases of applying the coefficient of the S/V ratio and not applying it. To evaluate the validity of the derived reference numerical parameters and the coefficient of the S/V ratio, the heating and cooling energy needs of buildings reflecting the practical characteristics of apartment buildings through PHPP and EnergyPlus and the error rates of the calculation results were analyzed. Analytic results confirmed that the error rate of the results of applying the parameters derived in this study decreased more than the case where the parameters of ISO 13790 were applied, whereas a reduction in the error rate was insignificant when the heat capacity was great, as shown in the 2X6 type. Hence, it is required to apply additional coefficients related to parameters affecting the energy need, such as indoor heat values, the infiltration rate and the ventilation rate, in addition to the reference numerical parameters, or to conduct studies on deriving the reference numerical parameters considering the correction factors on the heat capacity of building structures. Furthermore, because the reference numerical parameters obtained in this study are based on apartment buildings in Seoul, meteorological conditions and structure characteristics are modified when target regions and building applications are adjusted, thereby reducing the accuracy of the calculation results applying the derived reference numerical parameters.
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